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APPENDIX C 

REVIEW OF PREVIOUS STUDIES OF UPGRADED SLABS 

C.l UPGRADED ONE-WAY SLABS 

McVay (Reference 11) investigated upgrading techniques for one-way rein-

forced concrete slabs. Two upgrading methods were developed and evaluated: a 

wooden post method and a steel beam method. For the wooden post method, sev

eral 4- by 4-inch timbers were placed in groups under the midspan of the 

slabs. For the steel beam method, the floor slab panels were supported at 

midspan with a series of small steel beams supported by steel pipe columns. 

The concrete beams of the floor systems were upgraded with additional posts in 

both methods. 

A nonupgraded slab was tested dynamically. Failure was predicted to 

occur at a peak overpressure load of 16 psi. When it was loaded with a peak 

overpressure of about 15 psi, cracks formed in the top of the slab along the 

beams. A second loading with a peak overpressure of 33 psi caused complete 

collapse. A slab was upgraded with wooden posts and dynamically tested five 

times. The fifth test loaded the slab with a peak overpressure of 113 psi, 

causing two timbers to begin punching through the slab and several timbers 

under the center concrete beam to begin splitting. A slab section upgraded 

using the steel beam method was dynamically loaded three times with peak over

pressure loadings of 35, 63, and 92 psi. The slab cracked where supported by 

the steel beams (no negative reinforcement at this location) as a result of 

the loading for the first test, remained unchanged for the second test, and 

collapsed under the loading for the third test. 

It was concluded that sound upgrading systems can be made of readily 

available materials that require only simple construction skills. The tests 

indicated that the load capacity of a one-way reinforced concrete floor system 

can be increased five to seven times using a proper upgrading system. It was 

concluded that both upgrading methods are excellent techniques for increasing 

the load capacities of keyworker shelters above 50 psi. 

C.2 UPGRADED TWO-WAY SLABS 

Woodson and McVay (Reference 6) tested two center portions of a waffle 

slab and the center portion of a flat plate. The specimens were designed 
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with the maximum diameters that would allow placement inside the 22-foot 10-

inch-diameter Large Blast Load Generator at WES. The test specimens were also 

constructed to include the positive moment area from 22-foot-square slabs de

signed according to the Third Edition of the CRSI Handbook (Reference 12). An 

8-inch-thick wall, 8-feet tall, supported the slabs along their perimeters, 

and wooden posts were wedged in place under each specimen. It should be noted 

that the test specimens were not under boundary conditions similar to those in 

actual structures. 

Due to buckling of upgrading columns, the maximum static and dynamic 

load-carrying capacities of the waffle slab system were near 44 and 34 psi, 

respectively. Collapse of the wooden columns allowed the slabs to shear along 

the rigid boundary. Similarly, the wooden upgrading columns in the flat plate 

center portion test buckled at an average static overpressure of 38 psi. The 

slab did not shear along the boundary. Large flexural deflections occurred, 

causing a loss in water pressure that was statically loading the specimen. 

The tests supplied encouraging results that implied that two-way rein

forced concrete slabs may be upgraded without the occurrence of punching shear 

failure at upgrading columns. 
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